Wing morphology is crucial for flight performance and foraging ecology in bats. We describe variations in 5 wing parameters within the 5 species of European horseshoe bats (genus Rhinolophus) based on data taken from 3,081 adult individuals. All 5 species belong to a single ecological guild. Measurements were taken from live bats in the field in southeastern Europe (Bulgaria, Greece, and Turkey), where all 5 species occur in sympatry. Examination of our data shows that the species and accordingly their wings differ substantially in size. Albeit grossly similar in form, we additionally found several size-independent differences in wing shape. For example, the smallest species, Rhinolophus hipposideros, and to a lesser extent also R. blasii, have extremely short hand wings, enabling highly maneuverable search flight close to vegetation. The largest species, R. ferrumequinum, and the 2nd largest one, R. mehelyi, have rather long hand wings, allowing fast and economic commuting flight over longer distances. We argue that both size and shape are likely to play a role for niche separation between species. We found both sexual and geographic variation within species. There was sexual dimorphism for most parameters, with females being larger than males. Populations of R. mehelyi in southeastern Europe had significant variation in wing measurements. This was not so for R. ferrumequinum and R. euryale. We give a discriminant function based on only 2 parameters that correctly assigned 98% of the 3,081 individuals to species. This function may prove useful for identification of museum specimens.
According to the competition exclusion principle, similar species evolve different ecological niches to reduce or avoid competition (Hardin 1960; Schoener 1974; Wiens 1977) . Because food acquisition is crucial for survival, foraging ecology plays a major role in this context. When sympatric animal species have similar foraging mechanisms, strategies, and behavior, they face the problem of how to avoid niche overlap, especially when prey is limited. Separation can be achieved by several mechanisms such as character displacement (Brown and Wilson 1956) ; selection of different habitats, prey types, foraging times, and foraging styles (e.g., Aldridge 1986; Jones et al. 1993) ; morphological variation (Bogdanowicz et al. 1999; Findley et al. 1972; Van Valen 1965) ; and differences in sensory ecology (Siemers and Swift 2006) . An insectivorous bat's ability to use its environment depends largely on its sensory ability to detect and recognize prey (Siemers and Schnitzler 2004) , and its ability to maneuver through habitats (Norberg and Rayner 1987) and to retrieve food. Its ability to capture a prey item is determined by its flight capabilities, particularly agility and maneuverability, which in turn are influenced by wing morphology (Fenton 1990; Findley et al. 1972; Vaughan 1959 ) and body size (Swartz et al. 2003) . Changes in morphology result in differences in flight performance (Adams 1996; Aldridge 1986; Findley and Black 1983; Norberg 1981) , which directly affect habitat use (Aldridge and Rautenbach 1987; Brigham et al. 1997; Jacobs 1996 Jacobs , 1999 Norberg 1994; Stockwell 2001) . Differences in wing morphological features such as wing loading can be significant predictors of habitat use (Kalcounis and Brigham 1995) . However, similarity in wing morphology does not necessarily restrict species to similar foraging behaviors or similar habitats (Saunders and Barclay 1992) . In closely related and similar species there may be fine modifications of a given suite of features or wing construction rather than dramatic differences (Brigham et al. 1997; Findley and Wilson 1982; Rhodes 2002; Saunders and Barclay 1992; Schum 1984) . To evaluate such subtle variations among similar species, a representatively large group is needed to capture variations within populations and to parse out intersexual and other intraspecific variation (Swartz et al. 2003) .
The 5 European horseshoe bat species (Rhinolophus hipposideros, R. mehelyi, R. blasii, R. euryale, and R. ferrumequinum; Chiroptera: Rhinolophidae) offer a suitable model system for investigating possibly minute variations within 1 guild of * Correspondent: christian.dietz@uni-tuebingen.de Ó 2006 American Society of Mammalogists www.mammalogy.org insectivorous bats, because they are closely related members of a single genus (Guillén et al. 2003) . We collected and analyzed morphological data for all members of this guild in southeastern Europe. The 5 species have extensive overlap in their distribution in southeastern Europe (Mitchell-Jones et al. 1999 ). All of them produce long-duration constant-frequency echolocation calls with maximum energy concentrated in the 2nd harmonic (Griffin and Simmons 1974; Heller and von Helversen 1989; Jones and Rayner 1989; Möhres 1953; Russo et al. 2001; Siemers et al. 2005) . Horseshoe bats use frequency and amplitude shifts modulated onto the echoes of their constant-frequency calls by the wing beats of insects as a means of detecting prey (Schnitzler 1983) . All European horseshoe bats are similar in several morphological respects, including short and broad wings with a large wing area giving low wing loading, aspect ratio, and tip shape index (Findley et al. 1972; Norberg 1987; Norberg and Rayner 1987) . However, the European species differ in size and body mass. The average body mass and forearm length of the lesser horseshoe bat (R. hipposideros) are 6-7 g and 37-42 mm, respectively; those of the greater horseshoe bat (R. ferrumequinum) 20-26 g and 54-61 mm; and those of the 3 medium-sized species (R. mehelyi, R. blasii, and R. euryale) are quite similar (9-14 g and 42-54 mm, respectively-Schober and Grimmberger 1998). All 5 species catch prey by ''flycatching'' from a perch or during patrolling flights close to a cluttered background, and at least some species also may take prey from the ground (Bontadina et al. 2002; Jones and Rayner 1989; Russo et al. 2002; Siemers and Ivanova 2004) . With the exception of the lesser horseshoe bat, these 5 horseshoe bat species prey predominately on nocturnal moths (Beck et al. 1989 Goiti et al. 2004; Valenciuc 1971) . The lesser horseshoe bat is distributed over most of southern and central Europe and has the northernmost limit of distribution of all rhinolophids in Europe, reaching Ireland, the Netherlands, and Poland (Mitchell-Jones et al. 1999) . The species prefers to roost in buildings, but colonies in the south also are found in caves (Schober and Grimmberger 1998) . The species preys mainly on small Diptera, Lepidoptera, and other small insects, predominately in or close to forests (Beck et al. 1989; Bontadina et al. 2002; Jones and Rayner 1989) . The greater horseshoe bat is found in southern and central Europe as far north as southern England and Wales, the Netherlands, and Poland (Mitchell-Jones et al. 1999) . Breeding colonies in the north are mainly in buildings, and those in the south predominately in underground roosts (Schober and Grimmberger 1998) . These bats forage in a wide variety of habitats from open meadows to parks and woodlands, where they prey mainly on coprophagous beetles and moths Bontadina et al. , 1997 Jones and Rayner 1989) . The ecology of the 3 medium-sized species are less well known. Their distribution in Europe is confined to the area around the Mediterranean. The Mediterranean horseshoe bat (R. euryale) has the widest distribution, extending north to central France, Italy, Slovakia and Romania; Mehelyi's horseshoe bat (R. mehelyi) is found in southern and central Iberia, southern France, Sardinia, Sicily, Greece, and in the Balkans north to Romania; Blasius' horseshoe bat (R. blasii) is restricted to southeastern Europe from the Adriatic coast over the Balkans to Greece and Romania (Mitchell-Jones et al. 1999) . All 3 species roost mainly in caves and other underground galleries (Schober and Grimmberger 1998) and prey predominately on moths (Goiti et al. 2004; Valenciuc 1971; Whitaker and Black 1976) . R. euryale forages mainly in forests, whereas R. mehelyi prefers to forage in less densely vegetated habitats of a savannah type (Russo et al. 2002 (Russo et al. , 2005 . Habitat preferences of R. blasii remain unknown (Siemers and Ivanova 2004) .
On the basis of the unique combination of echolocation call design, wing morphology, foraging style, and prey consumed, we hypothesized that all 5 European horseshoe bat species can be united in a single guild of ''aerial insectivore, narrow-space, flutter-detecting foragers'' (Schnitzler and Kalko 1998, 2001; Schnitzler et al. 2003) .
We made 5 external wing measurements that can easily be assessed in living bats, on 3,081 adults from the entire guild in their sympatric area of distribution in southeastern Europe.
The wing measurements we took were lengths of the forearm (as a measurement for the bats' size), 5th finger (as a measure of wing width), 3rd finger (as a measure of hand-wing length), and phalanges of the 4th finger (identification character only). Findley et al. (1972) have shown that the first 3 measurements, namely lengths of forearm and of 5th and 3rd fingers, can be used to produce wing-area proxies that correlate very closely with wing-area parameters such as aspect ratio and tip index. These derived indices, in turn, are strong indicators of aerodynamic performance (Adams 1996; Aldridge 1986; Norberg 1981) and reflect ecological adaptations (Aldridge and Rautenbach 1987; Brigham et al. 1997; Kalcounis and Brigham 1995; Norberg 1994 ). Building on these previous studies, we used the 3 easily assessable wing measurements and their interrelations as proxies for aerodynamic performance of our study species. A long 3rd finger in relation to forearm size is indicative of rather long hand wings and thereby fast and economic commuting flight. A long 5th finger in relation to forearm size indicates broad wings and thereby high maneuverability and potentially high hovering ability. A short 3rd finger in relation to the 5th finger indicates a short, broad hand wing, that is, adaptations for slow flight in narrow spaces.
While one aim was to generate a discriminant function for reliable species identification of museum specimens or bats with an abnormal or deformed nose leaf, our research focused on the following question: Do the 5 species vary in size only (while remaining structurally the same) or are other morphological differences also present that enable niche separation? As a consequence, we addressed the following related questions: 1) How do absolute wing measurement values differ in the 5 species? 2) Can the species be identified by external wing measurements alone? (This would be useful for identifying museum specimens, because preservation-especially drying-destroys the diagnostic characteristics of the nose leaf.) 3) Is sexual size dimorphism present in the species studied? 4) Are intraspecific differences found between populations in southeastern Europe? 5) Do the 5 congeners differ in wing shape?
MATERIALS AND METHODS
Field sites.-Our study was carried out in southeastern Europe, where all 5 European species of horseshoe bats (R. blasii, R. euryale, R. ferrumequinum, R. hipposideros, and R. mehelyi) occur in sympatry. Wing measurements were taken between 1999 and 2004 from individuals captured in roosts in Bulgaria, Greece, and Turkey. In northern Bulgaria, bats were captured in the hills and lowlands north of the Balkan range along the rivers Osa˘m, Vit, Jantra, and Lom (caves Nanin Kama˘k, Devetaškata Peštera, Mandrata, Uruška Maara, Zorovica Peštera, Orlova Č uka, Emenskata Peštera, Mikrenska Peštera, Sedloarkata, and Parnitcite). We refer to bats from these sites as belonging to the northern populations. Recaptures of marked bats suggested that the study area might be inhabited by a single population (Dietz et al., in press ). The other study sites were south of the Balkan Mountains and are referred to as southern populations: eastern Rhodope Mountains in Bulgaria (caves Ajna Ini and Samara Peštera) and Greece (caves Maronia, Vouva Lefkimis, and Koufovouno, and the mines of Kirki), Strandža Mountains in Bulgaria (abandoned building at Primorsko and cave Lejarnicite Peštera) and Turkey (cave Dupnisa Mag˘arasi), and in the region of Macedonia in northwestern Greece (caves of Sidirokastron and surroundings). More bats were captured at various places in Bulgaria, Greece, and western Anatolia. Processing.-Bats were captured with mist nets or harp traps when leaving or entering day-roosts in caves, mines, and abandoned buildings or with hand nets inside the roosts. They were kept individually in cloth bags until measured. We followed guidelines of the American Society of Mammalogists (Animal Care and Use Committee 1998) in our capture and handling procedures.
Bats were sexed and then identified using nose-leaf and lower-lip characteristics only (Schober and Grimmberger 1998 ; see Identification key to the bats of Europe [Dietz and von Helversen 2004; www.uni-tuebingen. de/tierphys/Kontakt/mitarbeiter_seiten/dietz.htm., August 2006]). Five standard measurements were taken with a mechanical precision caliper (Hommel-Hercules Industries, Viernheim, Germany; precision 6 0.05 mm): length of forearm including wrist (FA), length of 5th finger excluding wrist (D5), length of 3rd finger excluding wrist (D3), length of 1st phalanx of 4th digit (P4.1), and length of 2nd phalanx of 4th digit (P4.2; Fig. 1 ). These 5 measurements provided a simple yet comprehensive description of wing characteristics. FA is a standard measurement of bat size; D5 reflects wing width (high values of D5 are characteristic of slow, maneuverable bats with low wing loading -Fenton 1990; Findley et al. 1972; Norberg and Rayner 1987) ; D3 reflects the length of the hand wing (low values of D3 together with high D5 values are characteristic of slowly foraging bats that can maneuver with sharp turns and hover in flight- Blood and McFarlane 1988; Fenton 1990; Findley et al. 1972; Norberg and Rayner 1987) ; and P4.1 and P4.2 are important for species identification and can be used in the field to ensure correct identification or to identify dry or alcohol-preserved museum specimens (Miller 1912; Paunovic and Stamenkovic 1998) .
Only adult bats were measured. The age class of the bat was determined by the degree of closure of the epiphyseal growth plates of the phalanges and by comparing fur coloration and structure with banded bats of known ages (following the methods of Gaisler 1960 Gaisler , 1965 Gaisler and Titlbach 1964; Matthews 1937; Rollinat and Trouessart 1897; and Young 1975) . Pseudoreplication by inadvertently repeating measurements of an individual was minimized by marking a high proportion of the bats captured in northern Bulgaria individually with durable aluminium bands (bat rings) and by visiting other roosting sites only once or twice. For some analyses we did not use the data for R. hipposideros because of small sample size, and in geographical comparisons we ignored R. blasii because it was captured in the Rhodope Mountains only.
Statisticical analysis.-To assess morphological variation, we calculated the mean, SD, minimum, and maximum for morphological variables according to sex, species, and region. We analyzed the data using t-tests and analysis of variance (ANOVA) with the TukeyKramer test for post hoc pairwise comparisons.
To assess whether the 5 species differ in wing shape, we calculated general linear models. Specifically, we regressed D5 on FA (relation of bat size to wing width; FA as continuous factor), D3 on FA (relation of bat size to hand-wing length; FA as continuous factor), and D3 on D5 (relation of hand-wing length to wing width; D5 as continuous factor). In each model, we used species as a nominal factor and the interaction between species and the continuous-effect variable as additional factor. A significant interaction term would indicate that the regression slopes differed between species. However, the interaction terms were far from significance in any of the 3 models (see ''Results''). Therefore, we eliminated the interaction from the models and used new general models to compute parallel regressions with a common slope for all species. We then calculated residuals from the average common regression line and compared them using 1-factor ANOVAs. Species pairs were compared post hoc with Tukey-Kramer honestly significant difference tests and a significance level set at 0.05. Analyses were performed using Excel 2002 (Microsoft, Redmond, Washington), Jump 5.1 (SAS Institute Inc., Cary, North Carolina), and Systat 11 (SPSS Inc., Chicago, Illinois).
RESULTS
We obtained external wing measurements from 3,081 adult rhinolophids, including 1,127 R. ferrumequinum, 48 R. hipposideros, 229 R. blasii, 911 R. euryale, and 766 R. mehelyi. External wing measurements overlapped for the most part among the 3 medium-sized species (R. blasii, R. euryale, and R. mehelyi) but were clearly distinct for the largest (R. ferrumequinum) and the smallest (R. hipposideros) species (Table 1 ). All species were reasonably separable by plotting the Abbreviations for wing variables are given in Fig. 1 . length of the 5th finger (D5) against forearm length (FA ; Fig.  2a) ; however, there was substantial overlap between R. euryale and R. blasii. FA was significantly longer in females than in males in all 5 species (t ! 5.03, d.f. ! 46, P , 0.0001; Table  1 ). This dimorphism also was found generally in the measurements of D5, D3, P4.1, and P4.2; with t ! 3.35, d.f. ! 138, and P 0.0020 except for D5, D3, and P4.1 in R. hipposideros (t 1.20, d.f. ! 30, P ! 0.2439) and P4.1 in R. mehelyi
A general linear model comparing adult measurements found that the factors ''species,'' ''sex,'' and ''region'' explained most of variability within each of the 5 wing parameters (all F ! 7.65, d.f. ¼ 8, 1,581-3,072, R 2 ¼ 0.82-0.95, all P , 0.0001). The factor ''species'' explained the majority of variability in all 5 measurements (all F ! 2,292.0, d.f. ¼ 4, 1,585-3,076).
Discriminant function.-Classical discriminant analysis using the 5 measurements correctly assigned 99% of the individuals to the correct species (jackknifed classification, Wilks' lambda ¼ 0.0041, F ¼ 1114.1, P , 0.0001). The most-predictive variables, determined by removing variables from the discriminant analysis in descending order, were FA and P4.1; these enabled correct classification of 98% of the individuals (Wilks' lambda ¼ 0.0127, F ¼ 6038.7, P , 0.0001). We used this to generate a canonical discriminant function (Fig. 3) , with which all individuals of R. hipposideros and R. ferrumequinum were correctly classified, followed by 99% R. blasii, 97% R. mehelyi, and 95% R. euryale.
Relations between different wing measurements.-We regressed D5 on FA to assess the relation of wing width to bat size (Fig. 2a) . A general linear model showed that D5 increased with FA (F ¼ 402.87, d.f. ¼ 1, 3,043, P , 0.0001) and differed significantly between species (F ¼ 94.20, d.f. ¼ 4, 3,043, P , 0.0001). The regression slope did not differ between species (interaction FA and species; F ¼ 0.83, d.f. ¼ 4, 3,043, P ¼ 0.5043). This indicates that the increase in wing width per unit increase in forearm length is about the same for all 5 species. In accordance with the significant species effect in the general linear model, an ANOVA on the D5 residuals revealed that the species differed in the elevation (i.e., vertical position-see Zar 1999) of the regression lines (F ¼ 1712.63, d.f. ¼ 4, 3,048, P , 0.0001). Taken together, the species' regression lines were parallel, but had different elevations; that is, they were not coincidental (Fig. 2a) . R. ferrumequinum had the widest wings relative to forearm size, R. hipposideros and R. mehelyi were intermediate, whereas R. blasii and R. euryale did not differ from each other and had the smallest wings (Tukey-Kramer, P , 0.05).
Similarly, we regressed D3 on FA to assess the relation of hand-wing length to bat size (Fig. 2b ). D3 increased with FA (F ¼ 183.50, d.f. ¼ 1, 1,555, P , 0.0001) and differed between species (F ¼ 41.80, d.f. ¼ 4, 1,555, P , 0.0001). The regression slope did not differ between species (interaction FA and species; F ¼ 0.38, d.f. ¼ 4, 1,555, P ¼ 0.8422); that is, they have the same pattern of increase for hand-wing lengths per unit forearm length within each species. The D3 residuals on FA, which mirror the elevations of the regression lines in Fig. 2b , differed between species (ANOVA, F ¼ 1,076.11, d.f. ¼ 4, 1,560, P , 0.0001). All species differed significantly from each other in post hoc pairwise comparisons (TukeyKramer, P , 0.05). R. ferrumequinum had the longest and R. hipposideros the shortest hand wing relative to forearm size; the other species were intermediate (cf . Fig. 2b) .
Finally, we regressed D3 on D5 to assess the relation of hand-wing length to wing width (Fig. 2c ). D3 increased with D5 (F ¼ 413.39, d.f. ¼ 1, 1,555, P , 0.0001) and differed between species (F ¼ 73.12, d.f. ¼ 4, 1,555, P , 0.0001). Again, the regression slope did not differ between species (interaction D5 and species; F ¼ 1.25, d.f. ¼ 4, 1,555, P ¼ 0.2866); that is, they have the same pattern of increase for hand-wing lengths per unit wing width within each species. The D3 residuals on D5, which mirror the elevations of the regression lines in Fig. 2c , differed between species (ANOVA, F ¼ 1,418.95, d.f. ¼ 4, 1,560, P , 0.0001). Although all species differed significantly from each other in pairwise comparisons (Tukey-Kramer, P , 0.05), the most prominent effect was that R. hipposideros had a considerably shorter hand wing relative to wing width than its congeners (cf. Fig. 2c ).
Geographical comparison.-Rhinolophus euryale and R. ferrumequinum exhibited no regional differences (all 5 measurements compared between populations from 4 regions in southeastern Europe separately within males and females; F ¼ 0.01-4.45, d.f. ¼ 3, 426-1,121, P ¼ 0.0352-0.9297; only some comparisons were significant but not consistent in both sexes or within the same region). However, for R. mehelyi, both males and females from the southern population (from the Greek and Bulgarian part of the eastern Rhodope Mountains) were significantly smaller (F ! 36.13, d.f. ¼ 3, 470-763, P , 0.0001) than the northern population (Table 2 ). These subtle but significant size differences corresponded to slight morphological differences between the 2 populations. Adult R. mehelyi in northern Bulgaria has a lighter ventral pelage and a bluntly rounded connecting process of the nose leaf. R. mehelyi from the Rhodope Mountains is more yellowish white ventrally, sometimes with a reddish tinge and often a more pointed connecting process.
DISCUSSION
Examination of our data identified size variation within and among 5 species of European horseshoe bats in southeastern Europe and made it possible to test for inter-and intraspecific differences. Similar to Krystufek (1993) and de Paz (1995), we found that individual R. ferrumequinum from these southeastern populations are among the largest in Europe. Based on measurements of forearm length, R. ferrumequinum is on average about 1 mm larger in Bulgaria than in France (Caubère et al. 1968) . Forearm lengths of R. euryale and R. mehelyi from Bulgaria are also slightly larger than those from Corsica and Sardinia, but of similar size to those from Portugal and smaller than those from Iran (Almaça 1967; DeBlase 1980; Dinale 1972; Russo et al. 2001; Sharifi 2004) .
Interspecific size comparisons.-The results of wing measurements (forearm, 5th finger, 3rd finger, and 1st and 2nd phalanges of 4th digit) overlapped considerably among the species. However, on the basis of forearm length and the length of the 5th and 3rd fingers, it is possible to group the 5 horseshoe bats into 3 groups: a large (R. ferrumequinum), a small (R. hipposideros), and 3 quite similar medium-sized species (R. blasii, R. euryale, and R. mehelyi). Variations within the data are best explained in multivariate comparisons by the factor ''species,'' followed by ''sex'' and ''region,'' indicating the presence of species-specific ranges within the wing measurements (question 1 in ''Introduction'').
We generated a discriminant function to determine whether our data might be useful for identifying museum specimens, whose nose leaves are usually not well preserved. The most important predictors of species were the lengths of the forearm and 1st phalanx of the 4th finger. Although the phalanges have been used in other studies to discriminate between mediumsized horseshoe bat species (Andersen and Matschie 1904; Miller 1912; Paunovic and Stamenkovic 1998) , the sample population sizes in those studies were either small or were not representative of all European species. Our discriminant function made it possible to sort the 5 species reliably and with more than 95% confidence even in the case of the 3 medium-sized horseshoe bat species. The relatively low percentage of correctly assigned individuals in R. euryale (95%) can be explained by the overlap in the FA measurement with R. mehelyi and R. blasii, as well as by the overlap in the P4.1 measurement between R. euryale and R. mehelyi.
Sexual dimorphism.-We found evidence of sexual size dimorphism. Females were larger than males in all 5 species. This confirmed earlier observations for single-species studies (Caubère et al. 1968; Dinale 1972; Grulich 1949; Ransome 1998; Saint-Girons and Caubère 1966) . However, we found no sexual dimorphism in the size-independent relationships between several measurements (see wing-shape differences, below).
Geographical size differences.-Although no notable size differences occurred in the wing measurements of populations of R. euryale and R. ferrumequinum from different parts of southeastern Europe, differences did occur for R. mehelyi. Bats from the south were smaller than those from the north (question 4 in ''Introduction''). Without detailed studies based on genetic and comparative ecological data, any explanation must remain speculative. The differences between northern and southern populations in R. mehelyi might be explained either by intrinsic (evolutionary) or extrinsic (climatic) causes. Both populations might be completely isolated from each other by the east-to west-running range of the Balkans and probably even belong to different subspecies.
According to Bergmann's (1847) rule endotherms should increase in size with increasing latitude (see McNab 1971) . This rule seems to apply to R. mehelyi (larger individuals in the north, smaller in the south). However, the distance between both populations is only 300 km and the climate (especially the temperature) is much more continental and therefore more stable in the north than in the south of Bulgaria (Dimitrov 1966; Galabov 1953) , leading to the expectation of an inverse size cline instead of the observed one.
On the other hand, the size of rhinolophids can be highly variable even over short geographic distances (e.g., Dinale 1972 ). Climatic differences between both Bulgarian distributional areas in combination with different prey and habitat availability could explain the smaller size of the southern population. One of us (ID) observed that tagged Mehely's horseshoe bats forage predominately above meadows and cultivated fields in northern Bulgaria, a habitat naturally available in steppes. If R. mehelyi is indeed a native steppe bat as indicated by its distribution as far as Iran and Arabia (DeBlase 1980) , it is possible that the eastern Rhodopes with their extended scrubland provide either suboptimal foraging habitats leading to stunted growth (cf. Jones et al. 1995; Ransome 1989 Ransome , 1998 or lead to a size reduction for the sake of increased maneuverability.
Wing-shape differences.-Despite a similar general wing construction within the guild studied (broad, short wings), our regression analysis showed that the species differ significantly in size-independent relationships of wing measurements. The minute variations between species presumably reflect adaptations to different foraging modes and habitats (see Aldridge and Rautenbach 1987; Kalcounis and Brigham 1995) . These differences are interesting in the context of functional ecology, because they may indicate differences in flight capabilities. For example, the wings of R. hipposideros differ from those of the other guild members in having extremely short hand wings. In comparison with other bats with similar wings such as the brown long-eared bat (Plecotus auritus -Norberg 1976) or Nyctophilus species (Brigham et al. 1997 ), R. hipposideros should be able to fly more slowly than its congeners, use edge and gap situations, and be more maneuverable than the other guild members. The ecology of the species (Bontadina et al. 2002; Gaisler 1963; Jones and Rayner 1989; McAney and Fairley 1988 ) matches this hypothesis well.
In contrast, the largest species, R. ferrumequinum, had in the regression analysis the broadest wing and longest hand wing in relation to its size. The foraging behavior of R. ferrumequinum is well known. It exploits various habitats, but avoids dense vegetation (Bontadina et al. , 1997 Jones and Rayner 1989; Pir 1994; Ransome and Hutson 2000) . The reluctance of R. ferrumequinum to forage in dense vegetation might be mainly a result of its larger size (see Bogdanowicz et al. 1999; Swartz et al. 2003) .
The 3 little-known, medium-sized horseshoe bats were arranged by the regression analysis in between the 2 well known species R. ferrumequinum and R. hipposideros. All 3 analyses placed R. blasii closest to R. hipposideros, so that this species should exhibit a flight behavior and presumably also foraging behavior like that of R. hipposideros and can be expected to forage close to and within the dense vegetation of scrubland and forest edges. Very little is known about the foraging behavior of R. blasii, but the species has been shown to take prey from vegetation and the ground in an experimental flight tent and to be maneuverable (Siemers and Ivanova 2004) , a characteristic also observed by us (CD and ID) in the wild.
The regression analyses highlighted a relatively longer hand wing of R. meheyli than in the other 2 medium-sized species and accordingly placed it close to R. ferrumequinum. From this finding we would predict habitat use of predominately open, less densely vegetated areas and the avoidance of foraging within the dense vegetation. This is because flight speed in bats is positively correlated with length of the hand wing (expressed by the length of the 3rd finger) in combination with a negative correlation of wing width (D5 length -Findley et al. 1972; Vaughan 1959) . Fast-flying bats, like most molossids, have a very long 3rd finger and a short 5th finger (Vaughan 1966 ). Thus, a higher flight speed than that of the congeners can be predicted for R. mehelyi. Not much is known about the foraging ecology of R. meheyli, but Russo et al. (2005) have shown the species' preference for foraging in open, savannah-type habitats. However, our own studies (ID) suggest that R. mehelyi forages erratically and maneuverably, mainly away from bushes and trees but nevertheless in a highly structured habitat close to and within meadows and fields. Our field observations also indicated high flight speeds, especially when the bats are commuting.
The outcome of the regression analysis places R. euryale in an intermediate position between the other 4 species, possibly indicating a variable foraging mode and habitat use. Examination of telemetry data suggests that R. euryale uses richly structured habitats and forages close to trees and hedges Goiti et al. 2003; Russo et al. 2002) .
Overall, the ecological data on the well-known species R. hipposideros and R. ferrumequinum and the limited data available for the 3 medium-sized species fit well with predictions made from our regression analysis. Both body size (represented by FA) and wing shape (relation of wing width and hand-wing length with each other and with forearm length) are likely to affect flight performance and habitat use. Hence, we argue that habitat use and habitat structure can be predicted to some degree by analysis of easily assessable wing measurements. Namely, a species' ability to forage within and close to dense vegetation like bushes and scrubland will be linked to small body size and a short hand wing in relation to forearm and 5th finger, whereas open habitats will be preferred by larger species, those with longer hand wings, or both.
Ecological adaptations.-In conclusion, the 5 guild members in this study exhibited morphological differences that might be regarded as adaptations to different foraging tactics or habitats. The species vary in size, with the largest and smallest species differing widely from the 3 intermediate-sized species. Size differences are important for structuring animal communities or guilds (Schoener 1974) , and morphological differences between bat species have been shown to reflect adaptations to flight and foraging strategies (e.g., Aldridge 1986; Norberg 1981) . Because the 5 horseshoe bats can be reliably separated by a canonical scores plot of a discriminant function using morphological measurements, these morphometric differences are consistent at the level of individuals. Therefore, one might assume that the differences are big enough to have ecological significance for niche separation.
However, European horseshoe bats are not only sizegraduated; size-independent relations between measurements also differ in regression analysis. Intraspecifically, females are bigger than males in all measurements.
We argue that morphological differences between the species are large enough to permit predictions about differences in maneuverability, foraging style, and habitat use. Such differences have been found in studies investigating the morphology and echolocation calls of horseshoe bats (Kingston et al. 2000) , in experiments combining morphological data and obstacle-avoidance ability, and in ecological studies (Aldridge 1986; Aldridge and Rautenbach 1987; Kalcounis and Brigham 1995; Saunders and Barclay 1992) . The ability of all guild members to coexist in certain areas even when food is limited may be explained by subtle differences in wing morphology, along with differences in echolocation (Heller and von Helversen 1989; Russo et al. 2001; Siemers et al. 2005) , habitat use Bontadina et al. , 1997 Bontadina et al. , 2002 Goiti et al. 2003; Jones and Rayner 1989; Russo et al. 2002 Russo et al. , 2005 and body-size parameters such as jaw length (Popov and Ivanova 2002) . The species' geographical distribution may therefore be limited by ecological factors acting on single species rather than by competition, exclusion, or both within the guild.
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